The globin messenger RNA of rabbit reticulocytes is identified on the basis of its presence in polysomes, absence from single ribosomes, and sedimentation coefficient of 9 S. Analysis of this RNA by electrophoresis in polyacrylamide gels provides evidence that its size is unexpectedly large (approximately 650 nucleotides) for a messenger coding for the 141 
. It was the purpose of this study to learn about mRNA in differentiating cells by direct observations on the RNA molecule.
Our studies were made possible by the observation of Evans and Lingrel that a mouse reticulocyte RNA that sediments at 9 S is specifically located on polysomes but is absent from single ribosomes (6) . Furthermore, this 9S RNA is the messenger since it can direct the synthesis of mouse globin chains in a cell-free extract that synthesizes proteins from rabbit reticulocytes (7). Presumptive mRNAs for histone (8) , antibody (9) , and myosin (10) 
RESULTS
Sucrose gradient analysis of RNA from polysomes and from single ribosomes is shown in Fig. 1 . In confirmation of the results of Evans and Lingrel (6), we find that a small RNA peak, with a sedimentation coefficient of 9 5, is specifically located on polysomes but is absent from single ribosomes. RNA from polysomes and single ribosomes was also analyzed by electrophoresis on polyacrylamide gels. As can be seen in Fig. 2A , there is indeed an RNA which is present on polysomes but which is absent from single ribosomes. This RNA band is labeled "b" in Fig. 2 Fig 1) and the 6-16S material was pooled for analysis on the gels. Electrophoresis is toward the left. A and B are independent experiments. logarithm of the molecular weight. Analysis by this method (see Fig. 3 ) indicates that the presumptive globin mRNA has a molecular weight of about 2.2 X 106, and therefore contains about 650 ribonucleotides. Our estimates of the molecular weight have ranged between 2.1-2.35 X 105. This same estimate was obtained when the electrophoresis was performed in a high ionic strength buffer containing 0.15 M NaCl.
Further evidence for the identification of RNA peak b (see Fig. 2 ) as globin mRNA was obtained from a metabolic study. We injected an anemic rabbit with [32P]phosphate and subsequently analyzed the labeling of the various reticulocyte RNAs. The results of this experiment are shown in Fig. 4 . The 4S RNA and mRNA bands are labeled almost as heavily at 16 hr as at 38 hr, whereas the 18S, 28S, and 5S RNA bands are labeled at least four times more heavily after the 38-hr labeling. The distinctive labeling kinetics of the polysome-specific presumptive globin mRNA clearly distinguishes this RNA from all of the contaminating high molecular weight RNAs, and also demonstrates conclusively that this RNA is not a breakdown product of ribosomal RNA. The 9S RNA molecule on polysomes has several characteristics that support its identification as the globin messenger RNA. It is the only RNA in reticulocytes that we find to be specifically associated with polysomes. Several workers have obtained evidence for a specific polysomal localization of various mRNAs (6, (8) (9) (10) . Furthermore, the RNA sediments in sucrose gradients at 9 S and it is labeled relatively extensively 16 hr after an injection of ["2P]phosphate into anemic rabbits. It has been shown previously that 9S RNA from mouse reticulocytes is specifically associated with polysomes and can direct the synthesis of mouse globin in a cell-free extract from rabbit reticulocytes (6, 7). Furthermore, the 9S RNA was relatively highly labeled shortly after injection of ['Hluridine into anemic mice (20) . Although these labeling results agree almost exactly with our own observations (Fig.  4) , Lingrel and co-workers did not purify their RNA on polyacrylamide gels; they were presumably examining the labeling of a mixture of RNA molecules. It is now quite well established that the 9S region of sucrose gradients contains several RNA molecules in addition to the messenger RNA ( Fig. 2 ; see also ref. [11] [12] [13] [14] . Some of these may be breakdown products of ribosomal RNA. It is well-known that ribosomes are being degraded rather rapidly during erythrocyte maturation (21).
Chantrenne et al. (22) have also reported a 9S mRNA in rabbit reticulocytes. Although they did not report a specific polysomal localization for the presumptive mRNA, it is quite likely that they were observing the same RNA molecule studied here. These workers also first reported that the 9S RNA of reticulocytes was highly labeled shortly after an injection of anemic rabbits with [82P]phosphate. We must point out, however, that ribosomal phosphoproteins have recently been discovered in reticulocytes (16) . These phosphoproteins are relatively highly labeled shortly after an injection of [32P]PO4 into rabbits, or after reticulocyte incubation with [32P]P04 in vitro (16) , and they partially sediment at 9 S under the gradient conditions employed by Chantrenne et al. (22) and by Evans and Lingrel (6, 20) . Although the labeling of these phosphoproteins is responsible for some of the earlier results (22) , it is interesting that the conclusions of these workers have been subsequently substantiated nonetheless. Unlike the situation when nucleic acids are labeled with [82P]PO4, the phosphoprotein radioactivity remains precipitable after treating with 10% trichloroacetic acid at 90'C for 20 min. The extraction procedure used here for RNA completely removes the phosphoproteins.
The globin messenger RNA appears to have an unexpectedly slow mobility on polyacrylamide gel electrophoresis (Fig. 3 ). An RNA encoding a globin chain of 146 amino acids would be expected to contain approximately 440 nucleotides and to have a molecular weight of approximately 1.5 X 105. On the contrary, the globin mRNA migrates as expected for an RNA with 650 nucleotides and a molecular weight of 2.2 X 105. Although it is possible that a small RNA with an open, extended configuration would migrate relatively slowly in the gels, we think it most likely that the globin mRN A contains considerably more than 440 nucleotides. The mobilities of many RNA molecules are linearly related to the logarithms of their molecular weight (19) , and only slight deviations have been observed. Furthermore, the molecular weight estimation for the globin mRNA is independent of ionic strength, suggesting that the mRNA configuration is not appreciably more extended than that of the calibrating RNAs. It is possible that the additional nucleotides perform a regulatory function in protein synthesis.
Messenger RNA synthesis during cytodifferentiation
The reticulocyte RNAs can be divided into three classes on the basis of their labeling (Fig. 4) 
